Introduction
Asthma is one of the most common pediatric emergencies among children throughout the world, where an estimated 300 million individuals are affected [1] . The prevalence of asthma in Saudi Arabia is 23% according to Alfrayeh [2] . Most asthma is uncontrolled and Jahdali estimated that up to 64% of patients have uncontrolled asthma [3] . Morbidity related to asthma has also increased in recent years. In addition, hospitalization for asthma has increased [4] . However, mortality due to asthma is decreasing worldwide [5] . Asthma is one of the main causes of health care utilization and the costs related to asthma are increasing [6] . Approximately 50% of pediatric asthma cases are still uncontrolled in Saudi Arabia, even in tertiary centers [7] . Numerous guidelines are available online and the guidelines of the Saudi Initiative for Asthma (SINA), which were updated in 2016, are very useful for the pediatric age group [8] . The availability of asthma guidelines can improve the outcomes of asthma in children [9] .
In general, asthma treatments that involve the administration of oxygen, inhaled bronchodilators, systemic steroids, and anticholinergic agents are common, and these agents are the main forms of therapy. Frequent assessments and monitoring the response to these therapies are crucial for tailoring medications to needs. In this study, we aimed to minimize the controversy regarding asthma exacerbation management by providing the best evidence for patient care according to the resources available at a specific institute [10] .
Definition of exacerbation
Asthma exacerbation is recognized clinically based on the following features: progressive increase in shortness of breath, coughing, wheezing, or chest tightness, and a progressive reduction in lung function that requires medical intervention [5, 11] . An exacerbation may include an increase in coughing, especially when the child is asleep, a decrease in exercise tolerance, impairment of daily activities, and acute or sub-acute increases in wheezing or shortness of breath [12, 13] .
Goal of therapies
Assessing the severity of an exacerbation. Correcting hypoxemia/hypercarbia and rapidly reversing the airflow obstruction by using appropriate and prompt medical interventions. Preventing complications that might occur, such as air leakage. Ensuring the appropriate disposition of the patient after initial therapies are provided at the emergency department. Reducing the possibility of recurrence by providing adequate baseline control therapies and arranging follow-up [8,13e15 ].
Initial assessment and severity
Acute asthma exacerbation is a medical emergency that should be diagnosed and managed immediately [11] . The treatment of asthma exacerbation depends on the severity of the exacerbation. The assessment of an asthma exacerbation is a continuous process with two different stages: (1) a static assessment to determine the severity of the attack, and (2) frequent assessments to evaluate the response to treatment. Overall, the assessment process requires the analysis of several factors [5] . Different scoring systems exist, such as the Asthma Scoring System or Pediatric Respiratory Assessment Measure (PRAM). The SINA group adopted the PRAM scoring system as a valid and reliable scoring system for assessing the severity of exacerbation in children aged 2e17 years [8] . The PRAM score is a 12-point score based on the oxygen saturation, suprasternal retractions, scalene muscle contractions, air entry, and wheezing [12] . The PRAM clinical pathway for inpatient management has been shown to decrease the length of stay in the emergency department and with no adverse outcomes. The SINA expert panel recommends determining the PRAM score for asthmatic patients in the emergency department to categorize the risk of hospital admission [8, 16, 17] .
Total score of 1e3: Low risk (<10%) of hospital admission. Total score of 4e7: Moderate risk (10e50%) of hospital admission. Total score of 8e12: High risk (>50%) of hospital admission.
Medical history
A brief history should be obtained for any exacerbation. The objective of taking the history is to determine the duration of symptoms and the severity of the exacerbation. Therefore, it is necessary to determine precipitating factors, including medications the child has been given, any previous exacerbations such as previous admissions, number of bronchodilators used, courses of steroids, environmental triggers, compliance, psycho-social factors, and risk factors for death in intensive care unit (ICU), including previous pediatric ICU (PICU) admission, intubation, severe lifethreatening conditions, and deterioration while taking systemic steroids [13, 18] .
Physical examination
A physician should inspect the patient thoroughly and focus on the patient's general appearance and vital signs. Is the child able to lie down, or does he or she prefer a sitting position? Is the child sweating, using accessory muscles to talk, or wheezing audibly? It should be noted that although the degree of wheezing is not correlated with the severity of obstruction, a silent chest is an ominous sign. Agitation, confusion, and mental drowsiness are extreme signs of cerebral hypoxia, which requires immediate intervention. Each patient should be screened for risk factors for fatal asthma (Table 1 1,12,13,15 ). Objective evaluations of disease severity and response to therapy are most important, and scores for objective measures should be obtained. Frequent assessment is crucial. The lung function test (spirometry) is difficult to perform in younger children age, especially in those aged less than 6 years during exacerbation, and the results may not correlate with the asthma scoring system. Therefore, spirometry is unreliable in children [19, 20] .
Recommendation: The severity level of any patient with an exacerbation should be assessed using both clinical and objective evaluations, including pulse oximetry or blood gas in severe cases.
Oxygen therapy
Hypoxia is the primary cause of death from exacerbation, and oxygen may help to decrease dyspnea, aid bronchodilation, support the myocardium, and minimize the risk of arrhythmia [21] . Oxygen should be titrated to achieve saturation ! 94% [8, 12, 15] . Oxygen will not suppress respiratory drive in the absence of preexisting CLD [20] . Oxygen saturation < 92% in room air can predict admission [8, 13, 22, 23] .
Recommendations: Oxygen supplements should be provided for patients with oxygen saturation levels below 92% in room air, and patients should be weaned from oxygen when the saturation level exceeds 94%.
Beta2 agonist bronchodilators: A bronchodilator trial should occur during an asthma exacerbation. Most researchers prefer metered-dose inhalers (MDIs) with a spacer to nebulizers. These inhalers are the first choice for pediatric asthma exacerbations, and strong evidence (evidence based medicine-A) supports their use for mild to moderate exacerbations [8, 12, 14, 15, 24] . The recommended doses for pediatric patients are 4e5 puffs for children < 20 kg and 6e10 puffs for those > 20 kg. Nebulization should be limited to: severe patients <5 years: 2.5 mg/3e4 ml, and >5 years: 5.0 mg/ 3e4 ml (see Table 2 ) [25e30]. MDIs and nebulizers are equally effective methods for delivering beta2 agonists to children with acute asthma and mild to moderate exacerbations.
Recommendations: Inhaled short-acting beta2-agonist should be administered as the drug of choice for rapid reversal of airflow obstruction.
Recommendations: MDIs improve discharge from the emergency department and shorten the duration of stay, and they are either equally effective or superior to nebulizers for mild to moderate exacerbations.
Recommendations: Nebulization should be reserved for severe exacerbations or for patients who do not respond well to oxygendriven MDIs.
Recommendations: Continuous nebulized salbutamol is more effective than intermittent treatment in severe cases.
Anticholinergic agents
The role of anticholinergics in acute asthma management is not well defined. However, ipratropium bromide is commonly added to an inhaled bronchodilator in the emergency department, which can lead to synergistic effects with the bronchodilator [31, 32] . Ipratropium bromide is also often administered as a regular medication after admission [33] . The current best evidence for anticholinergic treatment confirms that multiple doses may be given in an emergency but that its use should be limited to moderate to severe cases. This treatment may reduce admission by 30e60% and with no apparent significant side effects. There are apparent benefits from the use of single doses of anticholinergic in asthma with mild exacerbation, or any added benefit due to administration after admission [34] . Anticholinergics are less effective than inhaled beta-agonists and they should not be used alone [35] .
Recommendations: Anticholinergic treatment is recommended for moderate to severe exacerbations rather than for mild cases.
Recommendations: Anticholinergics should not be used alone or more than 24 h after admission. 
Steroids
Steroid should be limited for children with moderate to severe asthma exacerbations (evidence based medicine-A) [8, 12, 23, 36] . Different mechanisms allow steroids to interfere with leukotriene and prostaglandin synthesis, prevent cell migration, and upregulate airway b receptors, which can accelerate the resolution of the exacerbation, decrease hospitalization, and facilitate earlier discharge from the emergency department (evidence based medicine-A) [37e39]. Different steroid regimens are recommended (Table 3) . Oral prednisone is the most convenient and least expensive steroid, and its effects are equivalent to those of intravenous methylprednisolone. However, methylprednisolone is the preferred medication when the patient is sick or unable to tolerate oral or IV medications. Oral dexamethasone is equivalent to several days of oral prednisolone [40e44] . Studies have shown that divided doses of oral steroids (AM and PM doses) minimize the symptoms late at night, and that tapering the steroid is not necessary if it is used for one week or less.
Recommendations: Steroids should be used in moderate or severe cases.
Recommendations: Steroids decrease admission and relapse if given during the first hour of an exacerbation.
Recommendations: Oral steroids are the most convenient and least expensive route of administration.
Recommendations: IV steroids should be administered to patients who do not respond to oral therapy.
Recommendations: One dose of dexamethasone is equal in efficacy to several days of prednisolone.
Recommendations: It is not necessary to wean patients from steroids if they are used for less than 7 days.
Inhaled corticosteroids for acute asthma
Multiple trials of different types of inhaled corticosteroids for asthma exacerbations have determined minimal improvements in the respiratory scores. However, no convincing evidence is available regarding their use as an add-on therapy for severe asthma exacerbations [23,45e51] .
Recommendations: High-dose inhaled steroids are not recommended for acute asthma attacks.
Fluids
Patients are often dehydrated because of an increased basal metabolic rate and euvolemia is recommended. Syndromes resulting from inappropriate ADH are very rare but they may be considered in the presence of hyponatremia with markedly reduced urine output [14, 52] .
Recommendations: Euvolemia is recommended unless there are signs of dehydration or suspected SIADH.
Recommendations: Aggressive rehydration should be avoided during asthma exacerbation.
Antibiotics
The use of antibiotics for asthma exacerbation caused by viral illness is not necessary.
However, antibiotics may be considered if the patient has a high temperature and appears toxic, there is evidence of consolidation on the chest X-ray, or the patient expectorates purulent sputum with the presence of polymorphs [8, 12, 14] . Recommendations: Antibiotics should not be used to treat asthma exacerbation unless bronchopneumonia or another focus of infection is suspected.
Chest X-ray
Chest X-rays are obtained excessively in asthma exacerbation. Furthermore, the misinterpretation of peribronchial opacity as pneumonic infiltrate is common and can lead to the prescription of unnecessary medications [13, 53] .
Recommendations: Chest X-rays should be limited to the following conditions:
1. Status asthmaticus (the patient is not responding to standard therapy); 2. Presence of complications, e.g., barotrauma pneumothorax or pneumomediastinum; 3. Suspected bronchopneumonia; 4. Suspicion of a foreign body as the cause of wheezing and respiratory distress.
Serum electrolytes
The measurement of serum electrolytes is important in severe asthma, particularly for monitoring the serum potassium levels. The frequent use of ventolin to treat status asthmaticus may cause hypokalemia, and acidosis may result in transient hyperkalemia [8, 14, 15] .
Recommendations: Electrolytes should be monitored in severe asthma exacerbation, especially potassium and lactate.
Serum glucose: Blood sugar levels are often affected in asthma exacerbation in children due to stress, infection, and the use of beta-agonists and corticosteroids. Hyperglycemia may be a predictor of longer admission [54] . However, younger children are more susceptible to hypoglycemia in response to infection because of their poor reserves.
Recommendations: Blood sugar should be monitored in severe asthma exacerbation.
Complete blood cell count (CBC)
Cell counts and differentials are commonly requested in the emergency department in the majority of cases of asthma exacerbation. Leukocytosis is common but neutrophilia should be interpreted with caution because beta-agonists and corticosteroids may result in the demargination of white cells and an increase in the peripheral white cell count with a predominant left shift [14, 30] . Recommendations: CBC should not be performed routinely in cases of asthma exacerbation and leukocytosis could be a result of dermargination.
Viral study: It well known that viruses are the main trigger of asthma exacerbation [8] .
Recommendations: Screening for viral illness should be limited to moderate or severe exacerbations or admitted cases, and it may aid in the discontinuation of unnecessary antibiotics [14, 30] .
Blood gas analysis
Recommendations: This analysis is not routinely required for asthma exacerbation. Asthma exacerbation is a clinical diagnosis and blood gas analysis should be limited to at least moderate exacerbations or patients who exhibit a suboptimal response to standard asthma therapy. [8, 13, 14] .
Magnesium sulfate
Magnesium is an important cofactor in numerous enzymatic reactions, including the inhibition of calcium uptake in smooth muscles to cause muscle relaxation [55, 56] . Magnesium may also inhibit cholinergic transmission, stimulate nitric oxide and prostacyclin synthesis, and stabilize mast cells and T-lymphocytes [57] . Meta-analyses and systematic reviews have demonstrated the effect of intravenous magnesium. Magnesium is administered in moderate to severe asthma exacerbations. The usual recommended dose is 25e75 mg/kg/20 min initially and then every 6 h as needed. IV magnesium is safe and beneficial for moderate to severe asthma exacerbations at doses of 4e6 mg/dl, but it exhibits toxicity at >12 mg/dl. Nausea and flushing are common side effects, and muscle weakness, hyporeflexia, and respiratory depression are manifestations of toxicity. Renal impairment and heart blockage are contraindications. Some studies obtained minimal evidence supporting the use of nebulized magnesium sulfate, especially in severe cases, depending on the scoring system or pulmonary function results [58e63] .
Recommendations: Magnesium sulfate may be given for moderate to severe asthma exacerbations in patients who exhibit minimal responses to bronchodilators and steroids.
[64e70].
Recommendations: Insufficient data are available to support recommending the use of inhaled magnesium sulfate for severe asthma exacerbation.
Salbutamol
This treatment should be limited for patients with status asthmaticus who fail to respond to a continuous nebulized beta2-agonist. IV salbutamol improves lung function tests and gas exchange [71] but its toxicity increases as the concentration increases [72] . IV salbutamol should be limited to use in the pediatric ICU, where continuous cardiac monitors are available. Cardiac toxicity signs such as arrhythmia and significant tachycardia are common side effects of this medication. In an emergency, we recommend an initial dose of 15 mg/kg over 10 min under cardiac monitoring, and electrolyte measurement to avoid potential hypokalemia and increased lactate. Infusion should only occur in the ICU as indicated. Some researchers consider that there is no extra benefit of IV salbutamol compared with continuous salbutamol nebulization [73, 74] . Recommendations: IV salbutamol may be administered under cardiac monitoring in refractory patients who do not respond to standard asthma therapy.
Aminophylline
This bronchodilator is unlikely to provide additional bronchodilatory effects compared with standard therapy (i.e., continuous inhaled beta2 agonist, ipratropium bromide, and IV steroids) and it should be reserved for children with severe asthma exacerbations who fail to improve despite maximized therapy after consulting a pediatric intensivist. The effects of aminophylline on patient oxygenation, duration of ventilation, and length of stay in PICU are still unknown. Side effects such as vomiting or dysrhythmia are common due to its narrow therapeutic range. Therefore, this medication should not be used without permission from the intensivist and it should be administered under patient cardiac monitoring. The general recommended dose is aminophylline infusion at 5 mg/kg over 20 min, followed by 0.9 mg/kg/h [75] . Aminophylline has a widely accepted therapeutic range of 10e20 mg/l, which determines dosing decisions in children [76] .
Recommendation: Aminophylline should not be used for mild to moderate asthma exacerbation.
Recommendations: IV aminophylline should be reserved for severe asthma patients who fail to improve despite maximum therapy in the PICU, and its use may increase the frequency of adverse effects during an exacerbation [77e80].
Inhaled heliox
A gas mixture of oxygen and helium (heliox) is commonly administered at a concentration ratio of 80:20 to decrease the progression of respiratory failure and prevent intubation. This mixture also increases laminar flow and reduces turbulent flow. Heliox should be reserved for patients with severe asthma exacerbation who fail to respond to maximum therapies in the ICU [13,14,23,81e84] .
Recommendation: Heliox-driven salbuterol nebulization might be considered in any patient with life-threatening exacerbation or with severe exacerbation that persist after intensive conventional adjunctive therapies.
Noninvasive PPV (NIPPV)
NIPPV is a safe and effective treatment for status asthmaticus in pediatric patients. It can prevent intubation as well as reducing mortality and treatment costs. Therefore, its use has become frequent. The main mechanism involves stenting the airway combined with the a bronchodilator, which induces alveolar recruitment [85e90] .
Recommendation: NIPPV use should be encouraged in refractory cases with the supervision of an intensivist.
Indications for ICU admission: The indications for admission to the ICU vary widely among centers [13] . The indications are summarized as follows [13, 23] .
Failure to exhibited a sustained clinical response to continuous bronchodilators and steroids; Worsening of gas exchange; Apparent fatigue or exhaustion; Changes in the level of sensorium.
Endotracheal intubation and ventilation in asthmatic patients with respiratory failure
Intubation and mechanical ventilation are expected in less than 10% of cases admitted to the PICU, including lifesaving efforts for severe asthma attacks with respiratory failure. However, their use in children is commonly associated with significant complications, e.g., hypotension or pneumothorax, which occur in up to 50% of cases. Therefore, intubation should be avoided as much as possible [85,91À93] ].
Recommended The indications under the supervision of a pediatric intensivist are as follows:
Respiratory or cardiac arrest; Progressive hypoxemia despite O 2 or NIPPV administration; Progressive rising PaCo 2 despite maximum therapy and/or NIPPV; Deterioration of mental status; Progressive exhaustion.
Recommendations
Intubation should be avoided as much as possible and only used as a last resort and under the supervision of a pediatric intensivist [13, 85] .
Intubation: Clinicians should follow the rapid sequence intubation protocol, where intubation should be conducted cautiously under cardio-respiratory monitoring by the most expert clinician in the unit [85] . Rapid ventilation during resuscitation should be avoided. Aim to ensure adequate oxygenation and sufficient gas exchange.
Setting: Controlled mechanical ventilation should be provided using the most familiar mode. However, PRVC is the optimum mode of ventilation for asthmatic patients. The goal is to save the child. Permissive hypercapnia may be beneficial using the following strategy: slow rate, low tidal volume (approximately 5 ml/kg), short inspiratory time ratio to allow time for exhalation and washout of PCO 2 , Fi O 2 with 100% oxygen, and use fo physiological PEEP [91e93] .
Disposition: Patients may be discharged when they have been extubated successfully with a stable hemodynamic status, have been weaned off continuous intravenous beta-agonists and are stable under intermittent beta-agonist aerosol therapy for more than 3 h [13, 14] . Education has been proven to minimize the risk of re-admission or unscheduled visits to the emergency department. Follow-up should be conducted for any exacerbation to ensure that the patient is doing well after discharge.
Recommendations Education should be provided for any asthmatic patient and their families prior to discharge from the emergency department or inpatient unit. Education should be provided by an asthma educator or any staff trained in the field of asthma to ensure that the families understood the nature of asthma, the signs and symptoms of asthma, how to use asthma medications, how to recognize the risk factors, and when to ask for medical support [36, 45] Admission criteria [8, 13, 23, 30] -An ongoing need for supplemental oxygen despite initial treatment. -A need for frequent beta2-agonist therapy (more than 3 h).
-Any feature of life-threatening asthma.
-Previous near-fatal event.
-Exacerbation despite use of oral steroids. -Underlying psychosocial conditions. -Exacerbation despite adequate doses of oral steroids and presenting again. -Residence in a remote location or without transportation/ communication.
Discharge criteria [8, 13, 23, 30] -Need for beta2-agonists every 4e6 h.
-Minimal signs of respiratory distress.
-Saturation more than 92% in room air.
-Good air entry.
-No psychosocial illness.
Conclusion
The management of asthma exacerbation in children remains a challenge for public health systems, and thus we have provided updated guidelines in this review. Previous studies support MDI salbutamol as the best beta2 agonist of choice. Ipratropium bromide is effective in moderate to severe cases, and steroids are indicated for moderate and severe exacerbations. The first hour is the optimal treatment time, and medications should be adjusted according to progression, severity, and response to the asthma therapy. Inhaled steroids play no role in exacerbation. Magnesium sulfate administration is encouraged for patients who did not respond well to the initial therapy, and the use of aminophylline should be limited to severe cases in the PICU. Heliox and noninvasive ventilation may be used to prevent intubation. Intubation should be avoided, and clinicians should take great caution during intubation, which should always be performed by an expert. These guidelines require implementation and revision. It should be noted that exacerbation is a failure of the underlying regimen, which requires urgent revision and follow-up with a primary doctor after the parents have been fully educated.
